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FATIGUE SAFETY FACTOR TESTING METHOD 
AND FATIGUE SAFETY FACTOR TESTING APPARATUS 



Background of the Invention 

5 1, Field of the Invention 
[001] The present Invention relates to a fatigue 

safety factor testing apparatus and a method of 
testing a fatigue safety factor, and more particularly 
to a fatigue safety factor testing apparatus and a 

10 method of testing a fatigue safety factor which tests 
a fatigue safety factor dependent on temperature. 
2. De s cription of th e R elated Art 
[002] A method of calculating a fatigue safety 

factor of a part using Computer Aided Engineering 

15 (hereinafter, to be referred to as "CAE") is known. A 
calculation program for this purpose is commercially 
available in which a fatigue limit diagram is 
calculated to the part consisting of a kind of 
material under a predetermined condition, e.g., a 

20 predetermined temperature. Here, the fatigue limit 
diagram is a graph showing relationship between mean 
stress permissible to an object to be tested and 
permissible amplitude stress. 
[003] When only the fatigue limit diagram 

25 calculated under the predetermined condition can be 

used, it is difficult to accurately estimate an actual 
fatigue limit of the part in case of different 



conditions, e.g., different temperature depending on 
the location of the part. A component of an engine of 
a vehicle such as a piston Is exemplified as such a 
part. In case of the piston, the piston moves In up 
5 and down directions In accordance with explosion In an 
engine cylinder at high speed, and the . temperature Is 
different largely depending on a portion of the 
piston . 

t004] Also, when the fatigue limit of the part can 

10 not be estimated precisely. It Is not possible to 
estimate the fatigue safety factor of the part 
correctly. Therefore, the safety has the first 
priority and a very high safety factor Is set. As a 
result, this leads the Increase of weight of the 

15 engine, the Increase of material cost and so on, 

resulting In Increase of the environment load. Thus, 
the technique Is demanded that can calculate the 
fatigue safety factor of each part at high speed and 
correctly through an automatic process based on the 

20 temperature and stress of every portion. 
[005] In conjunction with the above description, a 

processor for a numerical value simulation of a 
deformation process of a metal plate Is disclosed In 
Japanese Laid Open Patent Application (JP-A-Helsel 8- 

25 339396). This conventional processor has an Input 
section, a rapture limit dls tor t lon/wrlnkle limit 
stress data storage section, a rapture/wrinkle margin 



calculating section, a rapture/wrinkle margin data 
storage section and an output section. The Input 
section stores distortion/ stress data of each element 
obtained from the numerical value simulation of a 
5 plastic deformation process of the metal plate using a 
finite-element method in the distortion/ stress data 
storage section. The rapture limit distortion/wrinkle 
limit stress data storage section stores rapture limit 
distortion/wrinkle limit stress data. The 

10 rapture/wrinkle margin calculating section calculates 
a rapture/ wrinkle margin of each element from the 
rapture limit distortion/ wrinkle limit stress data 
and distortion/stress data of each element. The 
rapture/wrinkle margin data storage section stores the 

15 calculated rapture/ wrinkle margin of each element. 
Then, the output section outputs a contour line 
distribution of the rapture/ wrinkle margin. 

Summary of the Invention 

[006] 20 Therefore, an object of the present invention 

is to provide a fatigue safety factor testing 
apparatus and a method of testing a fatigue safety 
factor, in which the fatigue safety factor of each 
part can be calculated at high speed and correctly 
25 through an automatic process based on temperature and 
stress of every portion of the part which are measured 
or calculated. 
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[007] Also, another purpose of the present 

invention is to provide a fatigue safety factor 
testing apparatus and a method of testing a fatigue 
safety factor, in which a fatigue limit diagram is 
5 calculated which does not depend on material and 

temperature of a part and a fatigue safety factor of 
the part can be easily calculated. 
[008] Also, another purpose of the present 

invention is to provide a fatigue safety factor 

10 testing apparatus and a method of testing a fatigue 

safety factor, in which it is possible to improve the 
efficiency of design and development, and a cost for 
them can be reduced. 
[009] In an aspect of the present invention, a 

15 fatigue safety factor testing apparatus includes a FEM 
calculating section, a normalized stress calculating 
section and a fatigue safety factor calculating 
section. The FEM calculating section carries out a 
FEM calculation to meshes of a part to calculate a 

20 stress of each of the meshes of the part. The 

normalized stress calculating section calculates a 
normalized stress of a stress applied to each of the 
meshes with respect to a fatigue limit as a function 
of a temperature and material of each of the meshes. 

25 The fatigue safety factor calculating section 

calculates a fatigue safety factor of each of the 
meshes based on a normalized fatigue limit obtained by 



normalizing the fatigue limit and the normalized 
stress . 

[010] Here, the normalized stress and the 

normalized fatigue limit may be Independent from the 
5 temperature and material of each of the meshes of the 
part, or may be Independent from the temperature of 
each of the meshes of the part. 
[01-1] Also, the fatigue safety factor testing 

apparatus may further Include a function table which 

10 stores a conversion function as a function of the 

temperature and the material. The normalized stress 
calculating section refers to the function table based 
on the material of each of the meshes of the part to 
acquire the conversion function, and normalizes the 

15 stress applied to each of the meshes of the part using 
the conversion function. In this case, the fatigue 
safety factor testing apparatus may further Include a 
stress data table which has the fatigue limit as a 
function of the material and the temperature, and a 

20 conversion function generating section which generates 
the conversion function based on the fatigue limit for 
every temperature, and stores the generated conversion 
function In the function table. In this case, the 
conversion function generating section may generate 

25 the normalized fatigue limit In addition to the 

conversion function and stores the normalized fatigue 
limit In the stress data table In relation to the 
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material. The fatigue safety factor calculating 
section may refer to the stress data table based on a 
material of each of the meshes of the part to acquire 
the normalized fatigue limit. 
[012] 5 Also, the fatigue safety factor testing 

apparatus may further include a display section which 
displays each of the meshes of the part in a color 
corresponding to the fatigue safety factor. 
[^1^] In another aspect of the present invention, 

10 fatigue safety factor testing apparatus include a 

normalized stress calculating section and a fatigue 
safety factor calculating section. The normalized 
stress calculating section normalizes a stress applied 
to a part using a conversion function for converting 

15 fatigue limit for every temperature of the part and 
for every material of the part into a normalized 
fatigue limit which does not depend on the temperature 
and outputs as a normalized stress. The fatigue 
safety factor calculating section calculates a fatigue 

20 safety factor of the part based on the normalized 
fatigue limit and the normalized stress. 
[01^] Here, the fatigue safety factor testing 

apparatus may further include a function table which 
stores the conversion function. The normalized stress 

25 calculating section refers to the function table based 
on a material of each of the meshes of the part to 
acquire the conversion function. The fatigue safety 



factor testing apparatus may further Include a stress 
data table which has the fatigue limit for every 
temperature and for every material, and a conversion 
function generating section which generates the 
conversion function based on the fatigue limit for 
every temperature and for every material, and stores 
the generated conversion function in the function 
table. 

Also, the stress is at least one of mean 
stress and amplitude stress apjplied to the part, and 
the fatigue limit shows a permissible mean stress and 
a permissive amplitude stress. 

In another aspect of the present invention, a 
method of testing a fatigue safety factor is achieved 
by (a) acquiring a stress applied to each of meshes of 
a part; by (b) normalizing the stress using a 
conversion function for converting fatigue limit for a 
material of each of meshes of a part and for every 
temperature into a normalized fatigue limit which does 
not depend on the temperature; and by (c) calculating 
the fatigue safety factor of each of the meshes of the 
part based on the normalized fatigue limit obtained by 
normalizing the fatigue limit using the conversion 
function and the normalized stress. 

The method may further include (d) 
determining the conversion function through the 
normalization of the fatigue limit; 



Also, the stress may be at least one of mean 
stress and amplitude stress applied to the part, and 
the fatigue limit shows a permissible mean stress and 
a permissive amplitude stress. 

Also, the method may further include 
displaying each of the meshes of the part in a color 
corresponding to the fatigue safety factor. 

In another aspect of the present invention, a 
software product executed by a computer and recording 
codes of a method which is achieved by (a) acquiring a 
stress applied to each of meshes of a part; by (b) 
normalizing the stress using a conversion function for 
converting fatigue limit for a material of each of 
meshes of a part and for every temperature into a 
normalized fatigue limit which does not depend on the 
temperature; and by (c) calculating the fatigue safety 
factor of each of the meshes of the part based on the 
normalized fatigue limit obtained by normalizing the 
fatigue limit using the conversion function and the 
normalized stress . 

In the software product, the method may 
further include (d) determining the conversion 
function through the normalization of the fatigue 
limit; 

Also, the stress is at least one of mean 
stress and amplitude stress applied to the part, and 
the fatigue limit shows a permissible mean stress and 
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a permissive amplitude stress. 
[023] Also, In the software product, the method may 

further Include displaying each of the meshes of the 
part In a color corresponding to the fatigue safety 
5 factor. 

Brief Description of the Drawings 
[024] Fig. 1 Is a diagram showing the structure of 

a fatigue safety factor testing apparatus according to 
10 an embodiment of the present Invention; 
[025] Figs. 2A and 2B are graphs showing examples 

of a fatigue limit diagram and a normalized fatigue 
limit diagram obtained; 
[026] Fig. 3 Is a diagram showing a method of 

15 calculating the fatigue safety factor by using the 
normalized fatigue limit diagram; 
[027] Fig. 4 Is a diagram showing a stress data 

table ; 

[028] Fig. 5 Is a diagram showing a function table; 

[029] 20 Fig. 6 Is a flow chart showing the operation 

of the fatigue safety factor testing apparatus 
according to the embodiment of the present Invention; 
and 

[030] Figs . 7A to 7C are diagrams showing the 

25 conversion results of tetra mesh data. 
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Description of tlie Preferred Embodiments 

[031] 

Hereinafter, a fatigue safety factor testing 
apparatus of the present invention will be described 
with reference to the attached drawings. In the 
5 following, the fatigue safety factor testing apparatus 
used for engine design of a vehicle will be described 
as an example, but the present invention is not 
limited to it and is applicable to the design and 
development of other building and structure. 
[032] 10 The structure of the fatigue safety factor 

testing apparatus according to an embodiment of the 
present invention will be described with reference to 
Fig. 1. As shown in Fig. 1, the fatigue safety factor 
testing apparatus 1 according to the embodiment of the 

15 present invention is an information processing 
apparatus such as a work station and a personal 
computer. The fatigue safety factor testing apparatus 
1 is composed of a CPU 2, a storage section 3 such as 
a hard disk, a memory 4 such as a RAM, a display 

20 section 5, and an input section 6 such as a keyboard 
and a mouse. 

[033] In the fatigue safety factor testing 

apparatus 1, the CPU contains of a conversion function 
generating section 10, a model generating section 11, 
25 a condition setting section 12, an FEM calculating 
section 13, a normalized stress calculating section 
14, a fatigue safety factor calculating section 15. 
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All of them are realized as sections for executing a 
series of programs stored In the storage section 3. 

[034] Also, the storage section 3 stores a stress 

data table 17 and a function table 18. The stress 
5 data table 17 stores relationship of a kind of 
material and a fatigue limit diagram indicating 
relationship between mean stress and amplitude stress. 
The function table 18 stores relationship of a kind of 
material and conversion functions for normalizing and 
10 converting the fatigue limit diagram to the material 
every temperature into the normalized fatigue limit 
diagram independent from temperature and material. 

[035] The conversion function generating section 10 

executes a software program and generates a conversion 
15 function A and a conversion function B from a fatigue 
limit diagram for a kind of material stored in the 
stress data table 17 and stores in the function table 
18. The conversion functions A and B are used to 
generate the normalized fatigue limit diagram. 

[036] 20 The model generating section 11 supports the 

design of a three-dimensional (hereinafter, to be also 
referred to as "3D") model of an engine as an object 
of structural analysis. The model generating section 
11 is a section for executing a CAD (Computer Aided 
25 Design) software program, for example. The 

conventional CAD software program can be used. 

[037] The condition setting section 12 executes a 
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software program and sets conditions about the engine 
as the object of the structural analysis. The 
conditions are used In FEM calculation. The 
conditions contain engine operation conditions such as 
5 speed, acceleration and torque, and engine 
specifications such as a rotation frequency, 
horsepower, and a pressure In a cylinder. 

[038] The FEM calculating section 13 converts the 

above-mentioned three-dimensional model Into an FEM 
10 model. Then, the FEM calculating section 13 carries 
out FEM calculation for the FEM analysis to the FEM 
model under the above conditions. The FEM calculating 
section 13 Is a section for executing an FEM software 
program, for example. 

[039] 15 The normalized stress calculating section 14 

executes a software program and normalizes the stress 
applied to a part by using the fatigue limit diagram 
for the material of the part for every temperature of 
the part and outputs as a normalized stress. That Is, 
20 the stress of the fatigue limit diagram corresponds to 
the normalized stress of the normalized fatigue limit 
diagram . 

[0^0] The fatigue safety factor calculating section 

15 executes a software program and calculates a 
25 fatigue safety factor of the part based on the 

normalized fatigue limit diagram and the normalized 
stress calculated by the normalized stress calculating 
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section 14 . 

[OAl] The fatigue limit diagram and the normalized 

fatigue limit diagram used In the fatigue safety- 
factor testing apparatus of the present Invention will 
5 be described. Figs. 2A and 2B are graphs showing 

examples of a fatigue limit diagram of some material 
and a normalized fatigue limit diagram obtained by 
normalizing It. Fig. 2A shows a fatigue limit diagram 
and Fig. 2B shows the normalized fatigue limit 
10 diagram. 

[042] In the fatigue limit diagram shown In Fig. 

2A, the horizontal axis Is mean stress ol and the 
vertical axis shows amplitude stress o2 . A curve Qi 
(point a^ - point bl - point e^ - point c^ - point d^), 
15 a curve Q2 (Point aj - point bj - point ej - point Cj - 
point dj ) , and a curve Q3 (point ag - point bg - point 
63 - point C3 - point da) are the fatigue limit diagram 

at the room temperature, 100 ''C , and 200 ^'C , 
respectively. The fatigue limit diagram Is a graph 
20 showing a value of the fatigue limit every 

temperature, and Is generally determined depending on 
the material but the profile Is different. Fig. 2A Is 
only an example. Also, In the temperature range In 
which the engine Is used, the profile becomes small In 
25 size similarly with the Increase of the temperature 
(the curve to the curve Q2 , to the curve Q3 ) . 

The calculation of the fatigue limit diagram 



[043] 
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Is complicated because the profile depends on the 
material and the temperature. Therefore, in the 
present invention, the normalized fatigue limit 
diagram as shown in Fig. 2B is introduced. The 
5 normalized fatigue limit diagram is obtained by 

normalizing mean stress and amplitude stress o2 by 
using the fatigue limits in the temperature. In the 
normalized fatigue limit diagram, the horizontal axis 
is normalized mean stress oUl obtained by normalizing 

10 the mean stress al , and the vertical axis is 
normalized amplitude stress aU2 obtained by 
normalizing the amplitude stress a2 . The curves to 
Q3 of the fatigue limit diagram are all converted into 
a curve . That is, the points a^ to a3 of the curves 

15 Qi to Q3 are converted into the point ao ( - 1 , 0). The 

points bi to b3 are converted into the point bo(-l, 1). 
The points e^ to e3 are converted into the point eo{0, 
1). The points c^ to C3 are converted into the point 
Co(l, 1). The points d^ to d3 are converted into the 

20 point do(l, 0). The point P on the fatigue limit 

diagram in case of T = 24 °C becomes the point Pq on 
the normalized fatigue limit diagram. Thus, the 
normalized fatigue limit diagram does not depend on 
the material and temperature and becomes the curve Qo . 
[044] 25 In this way, the stress a is normalized and 

becomes a dimensionless quantity. The manipulation 
becomes easy in case of fatigue safety calculation and 



calculation using the mean stress and the amplitude 
stress between different kinds of materials and 
different temperatures . 
[045] The conversion function f Is used for the 

5 conversion from the fatigue limit diagram Into the 

normalized fatigue limit diagram. For example, as for 
the point P{alp^ o2p) , elements are converted Into aUlp 
= f^Colp, T) and aU2p = fB{a2p, T) , and the point P(olp, 
a2p) Is converted Into a point Po(aUlp, aU2p). Because 

10 the fatigue limit diagram Is not constant and Is 
different depending on a kind of the material and 
temperature, the material conversion function f(a> 
T) {±f^^al^ T) , f^{a2^T)) Is set every kind of material. 
[046] The conversion function f Is generated as ^ 

15 follows. First, the curve Q and each point P on the 
fatigue limit diagram are converted Into a curve and 
points on the polar coordinate system. That Is, a 
point S (oIq/ o2q) on the curve Q and the point P (alp, 
a2p) on the graph are converted Into a point SCr^, Q^) 

20 on the polar coordinate system and a point P ( rp , Bp) on 
the polar coordinate system. Here, lo. p = ^o, p * 
cosOq, p, cr 2o p = r^ p • slnOo, p. Then, the curve Q 
(point S) on the fatigue limit diagram Is converted 
Into the curve Qq (point Sq) on the normalized fatigue 

25 limit diagram. In this case, 6^ Is not changed just as 
It Is, and a coefficient k to ro Is determined such 
that the point S on the curve Q is mapped the point 
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on the curve Qq • As a result, the point S is mapped to 
the point SoCkTo, 9o ) on the curve Qo . Then, the point 
P is mapped into the point Po(k'r, 0) on the normalized 
fatigue limit diagram using the value k. 
[047] 5 As known, the fatigue limit diagram becomes 

small similarly or while keeping the shape as the 
temperature increases. Therefore, a coefficient q(T) 
is determined which becomes larger when temperature T 
becomes higher from a reference temperature Tq and 

10 becomes smaller when temperature T becomes lower from 
the reference temperature Tq . The coefficient q(T) is 
determined from the fatigue limit diagram every 
material. That is, the point P(alp, a2p) is mapped 
into a point Po(q(T)-k-r, q(T) e) on the polar 

15 coordinate system and the point Po(aUlp, aU2p) in the 
al-a2 coordinate system. From this, 
aUlp = fA(alp, T) 

= q(T) 'k'r 'cosB 

= q(T) - k- ( 01^+02^ )^^^-al- { ol^ + a2^ ) -^^^ 
20 aU2p = fB{a2p, T) 

= q(T) 'k-r-sinS 

= q(T) - k- (01^ + 02^)'^=' -02- (01^ + 02^-"^" 
where r = (al^ + a2^)^^^ 

cose = al- (01^+02^)-^^^ 
25 sine = a2- (al^ + a2^)-^^^ 

[048] It should be noted that the conversion 

function f of the present invention is not limited to 



the above example. Any type of conversion function 
may be used If It Is possible to convert the fatigue 
limit diagram Into the graph shown In Fig. 2B. 

Next, the method of calculating the fatigue 
safety factor using the above-mentioned normalized 
fatigue limit diagram will be described. Fig. 3 Is a 
diagram showing the method of calculating the fatigue 
safety factor using the normalized fatigue limit 
diagram. The normalized fatigue limit diagram shown 
here Is the same as a graph shown In Fig. 2B. In Fig. 
3, a fatigue safety factor (Saf) to the point Po Is a 
ratio of the distance B from the origin point O to the 
point Po to the distance A from the origin point O of 
the graph to the point Sq • That Is, Saf = A/B. Here, 
the point So Is an Intersection point of the straight 
line OPo and the curve Qo . 

Next, the stress data table 3 will be 
described. Fig. 4 Is a diagram showing the stress 
data table 3. The stress data table 17 stores 
relationship of a kind of the material and a fatigue 
limit diagram showing the relationship between the 
mean stress and the amplitude stress. The stress data 
table 17 has fields of material 17-1, temperature 17- 
2, mean stress 17-3, and amplitude stress 17-4. The 
material field 17-1 stores a kind of material, and 
contains a case of different states In the same kind 
of material. The temperature field 17-2 stores the 



temperature of the material. The means stress filed 
17-3 and the amplitude stress field 17-4 store 
relations of the mean stress and the amplitude stress 
in case of the material in the material field 17-1 and 
5 the temperature in the temperature field 17-2. The 
stress data table 3 shows the graph shown in Fig. 2A. 
It is not necessary to prepare many temperature data 
as data in the temperature filed 17-2 for every 
material. It is sufficient to prepare the temperature 

10 data for the temperature of 20 ®C , 50 ®C and 100 °C . 
Thus, the number of data to be stored can be 
restrained . 

[051] Fig. 5 is a diagram showing the function 

table 18. The function table 18 stores relationship 
15 of a kind of the material and the conversion 

functions. The material field 18-1 is the same as the 
material field 17-1. The conversion function A 18-2 
and the conversion function B 18-3 are functions used 
to convert or map data on the fatigue limit diagram 
20 into the data on the normalized fatigue limit diagram. 

The conversion function A 18-2 is for mean stress al 
and the conversion function B 18-3 is for amplitude 

stress a2 . The details are already described 
referring to Figs. 2A and 2B. For example, in the 
25 examples shown in Figs. 2A and 2B, the conversion 
function A 18-2 is f^CoLT) = q { T ) • k • { al^ + a2^ ) ^^"^ • al • 
(al^+a2^)"^^^, and the conversion function B 18-3 is 
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fB(a2.T) = q(T) -k- (al'' + a2^)'^^-a2- (al^ + a2^)"^^^. It should 
be noted that the conversion function A 18-2 and the 
conversion function B 18-3 are generated by the 
conversion function generating section 10 and are 
5 stored in the function table 18. However, they may be 
previously prepared. In this case, a part of the 
following calculation process can be omitted. 
[052] Next, an operation of the fatigue safety 

factor testing apparatus according to the embodiment 
10 of the present invention will be described. Fig. 6 is 
a flow chart showing the operation of the fatigue 
safety factor testing apparatus according to the 
embodiment of the present invention. 
(1) Step SOI 

[053] 15 The designer selects a material relating to 

the CAE analysis. The conversion function generating 
section 10 generates the conversion function A and the 
conversion function B for the material based on the 
stress data base 17 (material 17-1, temperature 17-2, 

20 mean stress 17-3 and amplitude stress 17-4 of a 

fatigue limit diagram) and stores it in the function 
table 18. That is, the conversion function generating 
section 10 generates the conversion functions f;^{a, T) 
and feCo, T) which are used to generate a graph shown 

25 in Fig. 2B from the graph shown in Fig. 2A and stores 
them in the function table 18 as the conversion 
function A and the conversion function B, 
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respectively. Also, the normalized fatigue limit 
diagram obtained at this time may be stored In the 
stress data table 17. 

(2) Step S02 

[054] 5 The designer designs a three-dimensional 

model of an engine as an object of the structural 
analysis using the model generating section 11. 

(3) Step S03 

t^^^] The designer sets conditions of the engine as 

10 the object of the structural analysis using the 

condition setting section 12. The conditions are 
operation conditions of the engine and specifications 
of the engine, such as rotation frequency, horsepower, 
and cylinder Internal pressure. 
15 (4) Step S04 
[056] The FEM calculating section 13 converts the 

above-mentioned three-dimensional model Into a FEM 
model. Then, FEM calculation Is carried out for the 
FEM analysis to the FEM model under the above 
20 conditions. The FEM calculating section 13 carries 
out two kinds of analyses A and B. 

A: The temperature of each section of the FEM model 
with a tetra mesh structure Is calculated. 

B: The stresses such as mean stress and amplitude 
25 stress at each section of the FEM model with the tetra 
mesh structure are calculated. 
(5) Step S05 
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[057] The normalized stress calculating section 14 

normalizes each of the stresses of a part of the 
engine calculated at the step S04. At this time, the 
fatigue limit diagram and the conversion functions f 
5 (the conversion function A 18-2 and the conversion 

function B 18-3 corresponding to the material 18-1 of 
the part) stored in the function table 18 for 
temperature and material of the part are used. When 
the normalized fatigue limit diagram is stored, the 
10 normalized fatigue limit diagram and the conversion 
functions f may be used. Then, the normalized stress 
calculating section 14 outputs the conversion result 
as the normalized stresses. 
(6) Step S06 

[058] 15 The fatigue safety factor calculating section 

15 calculates the fatigue safety factor of the part 
based on the normalized fatigue limit diagram 
calculated from the fatigue limit diagram using the 
conversion functions or stored in the stress data 
20 table 17 and the normalized stresses calculated at the 
step S05 by the method described with reference to 
Fig. 3. Then, the fatigue safety factor calculating 
section 15 controls the display section 5 to display 
each of tetra meshes in the color corresponding to a 
25 value of the calculated fatigue safety factor. 

[059] The fatigue safety factor becomes able to be 

easily calculated by using the normalized fatigue 



limit diagram. Also, because each tetra mesh Is 
displayed In the color corresponding to the fatigue 
safety factor, the fatigue safety factor Is easy to 
grasp as the whole of part. Also, the fatigue safety 
5 factor becomes able to be grasped visually and 
objectively . 

[^^^] Here, the data about each of the tetra meshes 

In the step SOS and the step S06 will be further 
explained. Figs. 7A to 7C are diagrams showing that 

10 the data of each of the tetra meshes In the steps S04 
to S06. Sheets 21 to 23 show data In the steps S04 to 
S06, respectively. In each sheet. Node Is an 
Identification number which distinguishes each of the 
plurality of tetra meshes in the FEM model, and o, T, 

15 aU and Saf are the stress, the temperature, the 

normalized stress and the safety factor in each of the 
tetra meshes, respectively (only the amplitude stress 
Is shown in Figs. 7A to 7C as the stress and the 
normalized stress). The FEM analysis Is accomplished 

20 at the step S04 and the relationship between a and T 
every tetra mesh is obtained as shown by the sheet 21 

shown in Fig. 7A. Next, the calculation ( aU = f(a, 
T)) of the normalized stress is accomplished at the 
step SOS by using the conversion functions f about 

25 each data, and aU for each of the tetra meshes is 

obtained as shown by the sheet 22 of Fig. 7B. Then, 
the calculation (Saf = A/B) of the fatigue safety 



factor is accomplished at step S06 and the fatigue 
safety factor Saf for each of the tetra meshes is 
obtained as shown by the sheet 23 Fig. 7C. 

The stress data table 17 may store the 
fatigue limit diagram for every temperature and every 
material. In this case, however, an amount of data to 
be stored increases more as the kind of the material 
and the temperature increases more. As a result, the 
system infrastructure becomes enormous and the access 
time also increases. 

On the other hand, in the present invention, 
the stress data table 17 does not have data for every 
temperature and every material and the normalized 
fatigue limit function is calculated using the 
conversion functions f . Therefore, the present 
invention needs not to have a large-scale data and the 
increase of the system can be restrained. 

Also, in the present invention, the curve Qq 
of the normalized fatigue limit diagram has the 
fatigue limit value of "1". Therefore, the fatigue 
safety factor can be easily grasped numerically 
through the comparison with the curve Qq . 

In this way, in the present invention, the 
fatigue limit diagram which does not depend on the 
temperature and the material is calculated by 
normalizing the fatigue limit diagram which depends on 
the temperature and material. Therefore, the data of 



the stress can be easily treated. 

By the present Invention, the evaluation of 
the fatigue safety factor of a part or unit using the 
CAE calculation becomes possible In the design 
conception step. Because the quality In the Initial 
design of the part or unit Improves, faults In a 
durable examination decrease largely and the cost can 
be reduced In the design and the development. 

According to the present Invention, the 
fatigue safety factor of each part can be calculated 
at high speed and correctly through the automatic 
process, and It Is possible to Improve the efficiency 
of the design and development. 



